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a lso occur in procollagen peptidase t hus expla ining its inactiv-
ity, in contractile cytoskeletal proteins, and/or in membrane 
glycoproteins, resulting in a defective interaction of t h e cells 
with their surrounding matrix. Additional work is required to 
test th is hypothesis. 
We wish to thank Mr. G. Righetti for the photographic work and 
Dr. J. Gielen for stimulating discussions and suggestions. 
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Experimental Dermatophytosis: The Clinical and Histopathologic 
Features of a Mouse Model Using Trichophyton quinckeanum (Mouse 
Favus) 
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We have established a reproducible mouse model of 
dermatophytosis using Trichophyton quinckeanum. 
There was considerable· variation in the pathogenic po-
tential among 10 different strains ofT. mentagrophytes 
or T. quinckeanum; susceptibility to the infection varied 
with the inbred strain of mouse used, with BALB/c or 
BALB/K mice proving to be the most susceptible. The 
primary infection was characterized by the development 
of a scutulum or crust consisting of large quantities of 
dermatophyte mycelium, dense infiltration with neutro-
phils,_ but minimal epidermal proliferation. By contrast, 
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a secondary infection initiated 30 days after the primary 
infection showed different features with early and al-
most total elimination of fungal elements, a predomi-
nantly mononuclear cell response, and epidermal prolif-
eration. If the secondary infection was given at the peak 
of the primary illness (day 7), there was a mononuclear 
cell response with epidermal proliferation but fungal 
mycelium was prominent and not quickly eliminated. 
The value of this model in investigating the kinetics of 
the immune response to experimental derm.atophytosis 
is discussed. 
Resistance to infection by dermatophyte fungi develops dur-
ing t he course of t he primary illness a nd has been correlated in 
both animals [1] a nd humans [2] with the appearance of 
delayed-type hypersensitivity and T -lymphocyte activation. 
Conversely, t he existence ofT -lymphocyte hyporeact ivity is an 
important factor in pers istent infections although the species 
of invading organism and the s ite of infection may a lso affect 
Sept. 1983 
immune responses in humans [3]. For this reason a closer 
understanding of the recruitment of immune cells in dermato-
phytosis, as well as their interaction not only with each other 
but also with other mechanisms of cutaneous defense such as 
epidermal proliferation [ 4], is desirable. However, there are 
considerable difficulties in carrying out such studies in human 
subjects. For some time the guinea pig has been widely used as 
an experimental model for dermatophytosis [5,6], but despite 
its undoubted value it is seldom possible to study significant 
numbers of animals. For this reason we have developed an 
experimental mouse model for dermatophytosis. It is possible 
that there is considerable genetic variation among different 
breeds of mice in susceptibility to dermatophytes and this may 
explain the difficulty experienced by many workers in estab-
lishing infections in mice. This view has been supported by one 
study which showed that BALB/c and Swiss white mice were 
more susceptible than other strains to dermatophytosis [7]. 
This present study is an investigation of the susceptibility of 
mice to dermatophyte fungi and the subsequent development 
of a model using susceptible animals. 
MATERIALS AND METHODS 
Preparation of Inocula 
Cultures of either T. mentagrophytes (granular variety) or T. quinck-
eanum were subcultured on malt agar (malt extract 2%, agar 1.5 %). 
The correct designation ofT. quinckeanum (Zopf) Macleod et Muende 
is still the subject of some disagreement. While there is evidence from 
mating studies that it should be classified as T. mentagrophytes [8], 
this view is not universally accepted [9). Some authors will also refer 
to the organism as T. mentagrophytes var quinckeanum [8) . After 7 
days a suspension of conidia was obtained by washing the surface of 
the plate with phosphate-buffered saline containing 0.05% Tween 80. 
The suspension was adjusted to contain 1 X 108 conidia in 1.0 ml and 
the viability checked by subculture. 
Technique of Inoculation 
The flanks of mice were shaved with an electric razor and the exposed 
area lightly abraded with a scalpel blade until "glistening." The stan-
dard inoculum (0.05 ml) was applied and gently rubbed into the shaved 
site with the flat of a sterile blade. Infection could not be established 
without abrasion. 
Comparison of Isolates ofT. mentagrophytes and T. quinckeanum 
Standard inocula of the following isolates were prepared and applied 
as described above to Swiss white mice (5 per group): T. mentagrophytes 
(granular variety) NCPF 515, NCPF 338, NCPF 337, NCPF 336, MRL 
81/889, MRL 238/54, MRL 92/62; T. quinckeanum NCPF 309, NCPF 
341, NCPF 342. All strains were of human origin apart from NCPF 
341 and 342 which originated from naturally infected mice. The severity 
of the clinical appearance of ringworm lesions (0, +, ++, +++), 
including the presence of scutula or crusts, was assessed in mice infected 
for a minimum period of 8 days. Scrapings for direct microscopy were 
taken from the infected site. 
Comparison of Susceptibility in Inbred Strains of Mice 
Groups of inbred mice (10 per group) were inoculated as described 
previously with standard inocula of two dermatophyte fungi, T. quinck-
eanum NCPF 309 and T. mentagrophytes MRL 81/889. The following 
inbred strains were studied: BALB/c (or BALB/K) , AKR, C3H, DBA/ 
2, (CBA X DBA/2), F 1, CBA, and C57 /BL/6. Inbred mice were obtained 
from the Medical Research Council (Mill Hill, London) . The percentage 
of infected animals per group was assessed. 
Histopathology of Experimental Dermatophytosis 
Subsequent studies were carried out using T. quincheanum NCPF 
309 in BALB/c or BALB/K mice. Groups of mice (3- 5) were biopsied 
sequentially a fter primary infection at days 3, 5, 8, 10, 12, 15, 22, and 
32. In a second series of experiments mice were reinfected 30 days after 
primary infection (late secondary infection) at the same site and 
biopsies were taken at days 3, 5, 8, 12, and 22. A third group of mice 
was reinfected at the peak of a primary infection (7 days) (early 
secondary infection) and biopsies were taken at similar intervals. In 
this latter group the primary site of infection was ventral, the secondary 
site dorsal. 
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Biopsies were fixed in formol saline, paraffin embedded, and sections 
were stained with methenamine silver (Grocott modification) counter-
stained with hematoxylin/ eosin [10). Further sections were stained 
with toluidine blue in an attempt to demonstrate mast cells. Slides 
were coded and studied without reference to the key. The following 
characteristics were assessed: the presence of mycelium in epidermis 
or dermis; thickness of epidermis (cells); presence of hyperkeratosis, 
parakeratosis, and spongiosis; the composition and site of the inflam-
matory infiltrate; the presence of hair or keratin plugs in follicles; and 
edema in the dermis. Inflammatory cells were counted as cells per high-
power (x 40) field (mean of 5 fields) . 
RESULTS 
Comparison of Isolates ofT. mentagrophytes and T. 
quinckeanum 
Lesions of experimental dermatophytosis were established in 
over 90% of animals inoculated with two isolates, T. mentagro-
phytes MRL 81/889 and T. quinckeanum NCPF 309. Other 
strains did not give reproducible or uniform results. 
Comparison of Susceptibility in Inbred Strains of Mice 
The results are shown in Table I. In BALB/c or BALB/K, 
AKR, and C3H mice a prominent crust or scutulum formed. 
This facilitated the assessment of the infection. In subsequent 
experiments BALB/c or BALB/K mice, the most susceptible 
of the groups under study, were challenged with T. quinck-
eanum NCPF 309 (see below) . 
Clinical Course and Histopathology of Experimental Mouse 
Favus 
Mice infected with T. quinckeanum developed a pale yellow 
crust at the site of inoculation. This slowly accumulated be-
tween days 4-8 (Fig 1) and was subsequently shed between 
days 10- 15. The epidermis under and around the crust was 
inflamed and erythematous. However, by day 15 inflammation 
had resolved, and visible regrowth of hair was established by 
day 28. In mice reinfected at day 30 the crust was white and 
shallower but had an indurated base, and was maximal between 
days 5-8. The surrounding skin appeared erythematous and 
was easily damaged until day 28; visible hair growth was not 
apparent until days 35-40 after reinfection. 
The histopathologic response to infection is summarized in 
Table II, and further comments are shown below. With the 
exception of the scutulum formation there are many similarities 
between the appearances described here and those seen in an 
experimental T. mentagrophytes infection of guinea pigs [6]. 
The Composition of the Scutulum and Inflammatory Response 
in Stratum Corneum 
In the primary infection the initial site of invasion was in 
the epidermis within or immediately adjacent to hair follicles. 
It was firmly established by day 3. Subsequent biopsies showed 
that hyphae originating from adjacent follicles met and formed 
a mesh of tangled mycelium between days 5-8 (Fig 2a,b). At 
the same time there was a progressive increase in the thickness 
of stratum corneum. Neutrophils migrating through the epider-
TABLE I. Susceptibility to dermatophytosis in inbred strain~ of mice 
(10/group) 
BALB/c (BALB/K) 
AKR 
C3H 
DBA/ 2 
(CBA x DBA/ 2) F 1 
CBA 
C57BL/ 6 
TQ 309" 
+++ 
++ 
++ 
+ 
TM 81/889b 
+++ 
++ 
+++ = > 90% infected; ++ = 50- 90% infected; + = < 50% infected. 
"Trichophyton quincheanum NCPF 309 
b T. mentagrophytes MRL 81/889 
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mis surrounded the mycelial mass, forming a prominent ring 
on the epidermal side of the crust. The outer surface was 
composed of neutrophils, keratinocytes, and hyalinized mate-
rial, possibly degraded serum. By days 8-10 the mycelial mass 
FIG 1. Primary infection with T . quinckeanuni (day 8). The scutu-
lum is completely formed. 
Vol. 81, No. 3 
was surrounded by a zone of inflammatory cells and could be 
separated easily from the epidermis. Shedding of the scutulum 
was probably accomplished by trauma such as scratching. 
Hairs were surrounded by a hypha! mesh within hair follicles 
by day 5. However there was no evidence of hair shaft invasion 
and, indeed, in the scutula, disorganized hair remnants could 
be distinguished surrounded by a fungal cellarette suggesting 
that hair shaft destruction had been mediated by extracellular 
enzymes rather than medullary invasion. By day 8 hair shaft 
remnants could not be seen within hair follicles and intrafolli-
cular hyphae had disappeared. 
In animals reinfected at day 30 (late secondary infection) , 
the composition of the crust was strikingly different (Fig 3a,b ). 
It was fully formed by days 5-8. Fungal hyphae rapidly disap-
peared from the stratum corneum so that the mature crust was 
composed entirely of parakeratotic stratum corneum, neutro-
phils, and hyalinized material (see above). Any hyphae seen in 
animals between days 5-8 were confined to isolated hair folli-
cles and were surrounded by a dense infiltrate of neutrophils 
and lymphocytes. Such follicular abscesses were present for up 
to 15 days after infection. By day 8 the adjacent epidermis 
showed gross hyperkeratosis. 
In animals reinfected at day 7 after primary infection (early 
TABLE II. Experimental dermatophytosis in mice-summary of the 
histologic responses 
Fungus present 
Mononuclear cells 
Neutrophils 
Epidermal proliferation 
Symbols same as in Table I. 
Primary 
infection 
+++ 
+ 
++ 
Reinfection 
7 Days after 30 Days after 
10 10 
++ + 
+ ++ 
++ ++ 
+ ++ 
FIG 2. a, Primary infection with T. quinckeanum (day 5). Early scutulum formation . HE/GMS, X 40. b, Primary infection with T. quinckeanum 
(day 8). The scutulum; mycelium is separated from a t hin epidermal rim by neutrophils. HE/GMS, x 160, oil. 
Sept. 1983 
secondary infection), the scutula showed some features of both 
previously described patterns of infection (Fig 4). The crust 
matured between days 8-12 and contained abundant mycelium 
surrounded by neutrophils and keratinocyte debris. However, 
at the same time, intrafollicular mycelium was also present in 
follicular abscesses. 
Epidermis 
In the primary infection the thickness of the nucleated 
epidermis increased from an average of 3-5 cells to 8-12 cells 
by day 10. There was also hyper- and parakeratosis. This 
rapidly returned to normal by days 12- 15. Epidermal edema 
was minimal. This contrasted with the late secondary infection 
where by day 3 there was gross thickening of the epidermis 
accompanied by epidermal edema. At the peak of infection (day 
7), the nucleated epidermis was 18-32 cells thick. This slowly 
declined subsequently. The appearances of the early secondary 
infection were less marked but similar although they peaked 
later (day 12) . 
FIG 3. Late secondary infection with T. quinckeanum (day 8). a, 
Acanthosis and papillomatosis of epidermis but no mycelium present . . 
HE/GMS, x 40. b, Follicular abscess containing hypha! fragments. 
HE/GMS, x 160, oil. 
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FIG 4. Early secondary infection with T. quinckeanu.m (day 8) . 
Mycelium is present but not so prominent as in the primary infection. 
HE/GMS, x 40. 
Dermis 
In the primary infection the earliest dermal changes con-
sisted of vasodilation and edema which were marked on day 3 
and then subsequently declined. Neutrophil infiltration of up-
per dermis and epidermis developed later between days 3-10 
(> 200 cells/high-power field). A few lymphocytes and later 
macrophages could be distinguished in the dermal infiltrate by 
days 8-10 (50-85 cells/high-power field). The inflammatory 
cells rapidly disappeared following shedding of the crust. In the 
late secondary infection vasodilation and edema were marked 
and persisted between days 3-8. The dermal inflammatory cells 
consisted of a mixed population of neutrophils, lymphocytes, 
and macrophages (> 200 cells/high-power field). In addition, 
in the middermis, cells with metachromatic granules (toluidine 
blue) were prominent at the peak of infection. In some areas 
as many as 8 such cells were identified per high-power field. In 
the early secondary infection the dermal inflammatory reaction 
was mixed and consisted of lymphocytes, neutrophils, and 
macrophages (> 200 cells/high-power field). In both types of 
secondary infection inflammatory cells were retained for longer 
in the dermis and were still prominent at day 22. 
Following the primary infection there was residual follicular 
plugging of hair follicles. In bot h types of secondary infection 
a similar phenomenon occurred and in some cases there was 
cystic dilatation of hair follicles. Following both types of sec-
ondary infectiqn the reappearance of hair within hair shafts 
was considerably delayed. 
DISCUSSION 
In this study we have shown that there is considerable 
variation in the pathogenic potential of different dermatophyte 
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strains in causing experimental ringworm in mice . The most 
effective was T. quinckeanum (NCPF 309) which .was obtained 
from the Mycological Reference Laboratory at the London 
School of Hygiene and Tropical Medicine. It had originated 
from a lesion on a 12-year-old girl who . had contracted the 
infection from one of two kittens and it had been maintained 
in culture since 1958. The original episode of infection was 
described by La Touche in 1959 [11]. We have also confirmed 
and extended earlier studies which showed that there is varia-
tion in susceptibility of different inbred strains of mice to 
experimental dermatophytosis [7]. A hierarchy of susceptibility 
to mouse favus, T. quinchaenum infection, was established: 
BALB/c/BALB/K > AKR > C3H > DBA/2 > CBA > C57BL/ 
6. 
There are also striking differences in the histologic responses 
to dermatophytosis between primary and secondary infections 
and, in the latter, the timing of the second inoculation is critical. 
The major component of the inflammatory response of the 
primary infection is the neutrophil and this aids in the isolation 
of a mass of proliferating hyphae. Ultimately removal of the 
infecting organism depends on sloughing of the funga l mass. 
By contrast, in the late secondary infection, fungal hyphae are 
seldom viable beyond 4 days after infection and are readily 
contained by an infiltrate of neutrophils and lymphocytes. In 
addition there is considerable thickening and papillomatosis of 
the epidermis, suggesting an active proliferative response. If 
the secondary infection is initiated early after primary infec-
tion, a similar inflammatory response occurs but is significantly 
less effective in destroying hyphae. 
The advantages of the secondary response in an experimental 
ringworm infection and its importance in subsequent resistance 
was first described by Bloch [12]. However the duration of 
immunity was limited and second infections given after a 
certain period did not elicit the enhanced responses [12]. The 
intensity of the secondary immune response may also depend 
on the site of the secondary inoculation, being maximal if the 
latter is given at the original site of infection [13] . This may be 
mediated by groups of immunologically active cells such as 
those that remain in the dermis of experimentally infected 
guinea pigs after resolution of the infection [14] . We have 
shown that the response to a second infection given at the peak 
of the primary infection is also less effective in destroying 
organisms, although it is possible that observed changes were 
due to the fact that a different site had been inoculated. 
Recently Green et al [15] reported that both BALB/c nude 
athymic mice and their heterologous littermates were resistant 
to T. mentagrophytes infections. The discrepancy between this 
observation and our own findings could be explained if the 
dermatophyte strains used were less pathogenic than ours. 
Neutrophil activity appeared to be an important factor in 
defense against primary infections and is not impaired in 
athymic mice. The same authors also reported experimental 
dermatophytosis of guinea pig skin grafted onto athymic mice 
and showed that epidermal·proliferation developed in response 
to the infection. However, in our study epidermal proliferation 
was an important feature of secondary but not primary infec-
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tions, which suggests the mediation of immunologic memory. 
These observations can be reconciled for instance if the mech-
anism regulating epidermal proliferation in response to infec-
tion is a complex one involving both a direct effect of the 
organism on basal cells and an immunologically mediated re-
sponse possibly directed by cells present in epidermis which 
might be retained in grafted tissue. 
Mouse favus shows some features such as scutulum formation 
which are seen on ly in certain human infections including those 
caused by T. schoenleinii and its relevance to dermatophytosis 
of glabrous skin in humans has to be established. Nonetheless 
the mouse model described in this study is a useful means of 
investigating the relationship between primary and secondary 
dermatophyte infections and the development of immune re-
sponses. It is also possible to study the interaction among 
different lymphocyte subsets during an infection using BALB/ 
c and BALB/K mice and subsequent work has been carried out 
with this objective in mind. 
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